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Boron deficiency is the most common and widespread micronutrient deficiency 
problem, which impairs plant growth and reduces yield. Rice is a major staple 
food of Asia and to keep pace with population growth, rice yields should be 
increased. Hence a comprehensive study was initiated to determine the soil B 
status in soils of the flooded rice cultivated in tropical area of Malaysia and to 
investigate the effectiveness of different B fertilizer sources and application rates 
on supplying adequate quantity of B for rice plant. Boron status study was 
conducted by collecting and analyzing soil samples from 15 soil series of paddy 
growing areas in Kedah and Kelantan states of Malaysia. Three forms of B 
fertilizers sodium pentaborate (SP), powder colemanite (PC) and granular 
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colemanite (GC) were screened for their suitability as B fertilizers for flooded rice 
crops under acidic and calcareous soils. The effectiveness of three B fertilizers 
were assessed for their dissolution kinetic rates at different pH levels, B release 
in soil under soil incubation study and B leaching losses by conducting 
experiment in uniform packed soil columns.  Field experiments was conducted 
near Alor Setar, Kedah. Four B levels (0, 1, 2, 3 kg B ha-1) in the form of SP, PC 
and GC were applied on rice. This experiment was continued for a second 
season to study the residual effect of B fertilizers on subsequent rice crop. A 
glasshouse experiment similar to field experiment was also conducted under 
high pH calcareous soil. The results indicated that the soils of paddy growing 
areas were very low in B status. All the soils of 15 series have available B below 
0.5 mg kg-1 irrespective of depth and locations. Dissolution kinetics, soil 
incubation and soil column studies showed that dissolution rate of SP was 
higher than the other two fertilizers and pH did not have any effect on dissolution 
rate. There was no difference in quantity of B release from SP and PC after few 
weeks of application. Boron leaching losses from SP were higher than from PC 
and GC. Dissolution rate and solubility of GC was very slow in comparison to 
PC. Results of field experiment showed that application of SP and PC at 3 kg B 
ha-1 improved all plant growth parameters, B concentration in spikelet and rice 
yield over the control and other B rates.  There was no yield difference in SP 
and PC applied plots but GC had not shown any effect on rice growth and yield. 
Results of our second field experiment showed that effect of residual SP, PC 
and GC at 3 kg B ha-1 significantly increased the plant growth and spikelet yield 
over the control. There was no significant difference in yield between plots with 
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residual SP and PC fertilizers but their yields were significantly higher than plots 
with residual GC. The results of the glasshouse experiment under calcareous 
soil showed that SP and PC application at 3 kg B ha-1 produced higher yield 
than the 1 and 2 kg B ha-1 and there was no yield difference between ST and PC 
applied pots. However, application of GC had not increased the yield. Overall, 
results of our studies showed that Malaysian soils of paddy growing areas were 
deficient in available B status. SP was readily soluble and colemanite was slow 
release fertilizer. Sodium pentaborate and PC application significantly increased 
rice yield under flooded acidic and calcareous soils. Results of the study showed 
strong evidence of the positive residual effects of B on rice crop yield. There was 
no yield difference between SP and PC applied plots, both fertilizers were 
equally effective B sources. It was also observed that GC was ineffective B 
source due to non-solubility. 
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Kekurangan boron adalah masalah kekurangan mikronutrien yang paling umum 
dan meluas, yang mengganggu pertumbuhan tanaman dan mengurangkan 
hasil. Nasi adalah makanan utama orang Asia dan untuk mengimbangi 
pertumbuhan penduduk, hasil padi harus ditingkatkan. Oleh kerana itu satu 
kajian menyeluruh telah dimulakan untuk menentukan status B dalam tanah 
sawah padi di Malaysia dan untuk mengkaji keberkesanan perlbagai jenis 
sumber baja B serta kadar applikasi untuk membekalkan kuanti B yang 
mencukupi bagi pertumbuhan padi dan dalam masa yang sama mengurangkan 
larut lesap. Kajian status B dijalankan dengan mengumpul dan menganalisa 
sampel tanah dari 15 siri tanah dari kawasan padi di Kedah dan Kelantan, 
Malaysia. Tiga bentuk baja B; sodium pentaborate (ST), colemanite serbuk (CS) 
dan colemanite granular (CG) disaring untuk menentukan kesesuaian mereka 
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sebagai baja B untuk tanaman padi di tanah keadaan asid dan berkapur. 
Keberkesanan baja ini dinilai berdasarkan kepada kadar kinetik disolusi pada 
tahap pH yang berbeza, pengeluaran B dalam tanah di bawah kajian inkubasi 
tanah dan kehilangan melalui larutlesap dengan melakukan eksperimen di 
kolum tanah yang dikemas secara seragam. Kajian lapangan dilakukan 
menggunakan empat tahap B (0, 1, 2, 3 kg B ha-1) dalam bentuk SP, CS dan 
CG di tanah berasid yang kekurangan B. Penelitian ini disambung ke musim 
kedua untuk melihat kesan pengaruh residu baja ini. Eksperimen yang dilakukan 
di lapangan ini di jalankan semula di rumah kaca tetapi menggunakan tanah 
berkapur. Walaubagaimanapun, kajian tentang kesan residu baja keatas 
pertumbuhan pokok padi tidak dilakukan. Keputusan menunjukkan bahawa 
tanah satus B di kawasan yang ditanami padi sangat rendah. Semua 15 siri 
tanah tanpa mengira lokasi dan kedalaman mempunyai kandungan B di bawah 
0.5 mg kg-1. Kajian disolusi kinetic, inkubasi tanah dan kolum tanah 
menunjukkan kadar disolusi boraks lebih tinggi berbanding dengan dua baja 
yang lain dan pH tidak mempunyai kesan pada kadar disolusi, tiada perbezaan 
kuantiti B yang dilepaskan dari SP dan CS setelah beberapa minggu 
diapplikasikan. Kehilangan B melalui larutlesap dari SP lebih tinggi dari CS dan 
CG. Kadar disolusi dan kelarutan CG adalah amat perlahan dibandingkan 
dengan CS. Keputusan ujikaji di lapangan menunjukkan bahwa kadar applikasi 
SP dan CS pada 3 kg B ha-1 meningkatkan semua parameter tumbesaran 
tanaman, kepekatan B dalam buah padi dan hasil padi berbanding kawalan dan 
kadar B yang lain. Tiada perbezaan hasil antara plot yang diaplikasi dengan SP 
dan CS tetapi CG tidak member sebarang kesan kepada tumbesaran dan hasil 
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padi. Keputusan dari ujikaji lapangan yang kedua menunjukkan bahawa kesan 
residu B dari SP, CS dan CG pada kadar 3 kg B ha-1 meningkatkan tumbesaran 
dan hasil tanaman dengan ketara berbanding kawalan. Tiada perbezaan ketara 
dari segi hasil tanaman di antara plot yang mempunyai residu SP dan CS tetapi 
hasil dari kedua-dua plot ini adalah lebih tinggi dan ketara berbanding plot yang 
mempunyai residu CG. Keputusan ujikaji di rumah kaca menggunakan tanah 
berkapur menunjukkan SP dan CS pada kadar 3 kg B ha-1 menghasilkan hasil 
yang lebih tinggi berbanding kadar 1 dan 2 kg B ha-1 serta tiada perbezaan hasil 
antara plot yang diaplikasi dengan SP dan CS. Namun, aplikasi CG tidak 
meningkatkan hasil. Secara keseluruhan, keputusan kajian kami menunjukkan 
bahawa tanah yang ditanam dengan padi di Malaysia kekurangan dari segi 
status B yang kedapatan. Sodium pentaborate lebih larut manakala colemanite 
adalah baja pelesapan perlahan. Aplikasi SP dan CS meningkatkan hasil padi 
pada tanah terendam berasid dan berkapur secara ketara.  Residu SP dan CS 
meningkatakn hasil pada pada musim ke dua secara ketara. Tiada perbezaan 
hasil di antara plot yang diaplikasi dengan SP dan CS, kedua-dua baja adalah 
sama berkesan sebagai sumber B. Dapat dilihat juga bahawa CG tidak 
berkesan sebagai sumber B kerana ketidaklarutannya. 
 
 
 
 
viii 
 
  
 
ACKNOWLEDGEMENT 
 
I wish to express my profound gratitude to my research supervisor Professor Dr. 
Mohd Khanif Yosup, Department of Land Management, Universiti Putra 
Malaysia for his guidance, co-operation, constructive criticism, encouragement 
and kind supervision during the entire course of the study. He showed me 
different ways to approach a research problem and the need to be persistent to 
accomplish any goal. I owe my most sincere gratitude to Associate Professor Dr. 
Che Fauziah Ishak and Dr. Samsuri Abd Wahid, for their valuable suggestions 
and guidance through all these years in conducting research and writing of 
manuscripts.  
 
Besides my supervisors, I would like to gratefully acknowledge the support of 
Mr. Alias Tahir and Mrs Umi Kalthum, during the field experiments and 
laboratory analyses. My heartiest thanks to lab mates and friends Hafeezullah 
Babar, Amjad Ali, Kiran, Kala Devi, Fazlyna, Abdul Samad, Velo Suthar, Khalil 
Dharejo and Alagie for their cooperation and encouragement. I am also grateful 
to the Agriculture Department Government of Sindh, Pakistan for providing 
financial support during the course of this work, at Universiti Putra Malaysia. 
Last but not least, my great thanks goes to my relatives and friends back in 
Pakistan for their encouragement and moral support in conducting and 
accomplishing my research work.  
ix 
 
  
 
I certify that and Examination Committee has met (on date of viva) to conduct 
the final examination Saleem Muhammad on his thesis entitled “Evaluation of 
Rice Genotypes for adoptability to Zinc Deficient soil” in accordance with 
Universities and University colleges Act 1971 and the constitution of the 
Universiti Putra Malaysia [P.U. (A) 106] 15 March 1998. The Committee 
recommends that the student be awarded the Doctor of Philosophy. 
 
Members of the Thesis Examination Committee are as follows:  
Chairman, PhD 
Professor Dr Shamshuddin Jusop 
Faculty of Agriculture 
Universiti Putra Malaysia 
(Chairman) 
 
Examiner 1, PhD 
Professor Dr Mohd Razi Ismail 
Faculty of Agriculture 
Universiti Putra Malaysia 
(Internal Examiner) 
 
Examiner 2, PhD 
Associate Prof Dr Syed Omar Syed Rastan 
Faculty of Agriculture 
Universiti Putra Malaysia 
(Internal Examiner) 
 
External Examiner, PhD 
Professor Dr M. Rafiqul Islam 
Department of Soil Science 
Bangladesh Agriculture University 
Mymensingh-2022 
Bangladesh 
(External Examiner) 
 
 
 
 
BUJANG KIM HUAT, PhD 
Professor and Deputy Dean 
School of Graduate Studies 
Universiti Putra Malaysia 
 
Date:  
x 
 
  
 
This thesis submitted to the Senate of Universiti Putra Malaysia and has been accepted 
as fulfillment of the requirement for the degree of Doctor of Philosophy. The members 
of the Supervisory Committee were as follows: 
 
Mohd Khanif Bin Yusop, PhD 
Professor 
Faculty of Agriculture  
Universiti Putra Malaysia 
(Chairman) 
 
Che Fauziah Ishak, PhD  
Associate Professor 
Faculty of Agriculture  
Universiti Putra Malaysia 
(Member) 
 
 
Samsuri Abd. Wahid, PhD 
Senior Lecturer  
Faculty of Agriculture  
Universiti Putra Malaysia 
(Member) 
 
 
 
 
 
 
 
 
HASANAH MOHD GHAZALI, PhD 
Professor and Dean 
School of Graduate Studies 
Universiti Putra Malaysia 
Date: 25 November 2010 
xi 
 
  
 
DECLARATION 
I hereby declare that the thesis is based on my original work except for quotation 
and citations which have been duly acknowledged. I also declare that it has not 
been previously and is not concurrently, submitted for any other degree at 
Universiti Putra Malaysia or other institutions. 
 
                                                              
 
 
     SALEEM MUHAMMAD 
                                Date:  27 September, 2010
xii 
 
  
 
TABLE OF CONTENTS 
 
 
DEDICATION 
ABSTRACT 
ABSTRAK 
ACKNOWLEGMENTS 
APPROVAL 
DECLARATION 
TABLE OF CONTENTS 
LIST OF TABLES 
LIST OF FIGURES 
LIST OF ABBREVIATIONS 
 
CHAPTER 
  
1            INTRODUCTION 
 
 1.1 Rice 
 1.2 Boron 
 1.3 Boron Fertilizers 
 1.4 Problem Statement 
 1.5 Objectives 
 
2             REVIEW OF LITERATURE 
   
                   2.1        Boron Essentiality in Living Organisms  
  2.2        Boron in Human and Animal Nutrition 
  2.3 Physiological and Biochemical Functions of B in 
Plants 
   2.3.1 Carbohydrate Metabolism and Transport 
of Sugar 
   2.3.2 Phenol and Auxin Metabolism 
   2.3.3 Tissue Development and Formation of 
cell walls 
   2.3.4 Reproduction 
   2.3.6 Root Elongation and Nucleic Acid 
Metabolism 
   2.3.7 Disease Resistance 
   2.3.8 Nitrogen Fixation and Nitrate Assimilation 
   2.3.9 Water Relations 
  2.4 Boron Uptake and Transport In Plants 
   2.4.1 Molecular Basis of B Uptake   
 2.5 Boron Deficiency, Sufficiency and Toxicity in 
Plants 
Page 
ii 
iii 
vi 
ix 
x 
xii 
xiii 
xvii 
xx 
xxi 
 
 
 
1 
 
1 
4 
6 
9 
9 
 
10 
 
10 
10 
 
11 
 
11 
12 
 
12 
13 
 
13 
14 
14 
15 
15 
17 
 
17 
xiii 
 
  
 
  2.6 Boron Deficiency Symptoms 
  2.7 Boron in Soil 
  2.8 The Chemistry Of B in Soil 
  2.9 Boron adsorption in Soil 
   2.9.1 Oxides 
   2.9.2 Clay Minerals 
   2.9.3 Calcium Carbonate 
   2.9.4 Organic Matter 
  2.10 Soil Factors Affecting B Availability to Plants 
   2.10.1 Soil pH 
   2.10.2 Soil Texture 
   2.10.3 Organic Matter 
   2.10.4  Soil Moisture 
   2.10.5  Liming 
  2.11 Plant Factors Affecting Boron Availability 
  2.12 Boron Deficiency, Sufficiency and Toxicity Levels 
   in Soil 
  2.13 Boron Deficiency in Global Crop Production 
  2.14 Sources of Boron 
  2.14 Boron Effect on Rice Crop 
 
3        MATERIALS AND METHODS 
   
3.1         Boron Status in Soils of Paddy Growing Areas         
                   in Malaysia 
   3.1.1 Sample Collection and Analysis 
  3.2 Solubility and Leaching of Boron from Sodium  
                                pentaborate and Colemanite in Flooded Acidic  
                                Soils 
   3.1.1 Dissolution Kinetics 
   3.2.2 Soil Incubation Study 
   3.2.3 Soil Leaching Study 
  3.3 Direct and Residual Effects of Sodium   
   pentaborate and Colemanite as B Sources for       
                                 Rice Grown in Flooded Acidic Soil 
   3.3.1 Experimental Field Site 
   3.3.2 Rice Sowing and Fertilizer Treatments 
   3.3.3 Crop Parameters 
  3.4 Evaluation of Sodium pentaborate and Colemanite 
   as Boron Sources for Rice Grown in Flooded  
   Calcareous Soil 
   3.5.1 Soil Collection and Analysis 
   3.5.2 Rice Sowing 
   3.5.3 Fertilizer Sources and Rates 
   3.4.5 Crop Parameters 
 
 
18 
20 
21 
22 
23 
23 
24 
24 
25 
25 
25 
26 
26 
26 
27 
 
28 
28 
31 
34 
 
43 
 
 
43 
43 
 
 
48 
48 
48 
49 
 
 
51 
51 
52 
53 
 
 
55 
55 
56 
56 
57 
 
58 
xiv 
 
  
 
4              RESULTS AND DISSCUSION  
 
  4.1 Available Boron Status of Paddy Growing  
    Areas in Malaysia 
  4.2 Solubility and Leaching of Boron from Sodium  
                                pentaborate and Colemanite in Flooded Acidic  
                                Soils 
   4.2.1 Dissolution Kinetic Study 
   4.2.2 Soil Incubation Study 
   4.2.3 Soil Leaching Study 
  4.3 Direct effects of Sodium pentaborate an  
                                Colemanite as B Sources for Rice Grown in  
                                Flooded Acidic Soil 
   4.3.1 Soil of Experimental Area 
   4.3.2 Effect of B on Number of Tillers 
   4.3.3 Effect of B on Number of Panicles  
   4.3.4 Effect of B on Spikelets Panicle-1 
   4.3.5 Effect of B on Weight of 1000 Spikelets 
   4.3.6 Effect of B on Percentage of Empty  
    Spikelets Panicle-1 
   4.3.7 Effect of B on Straw Yield  
   4.3.8 Effect of B on spikelet and straw Boron 
Concentration  
   4.3.9 Boron Recovery Efficiency, B use 
Efficiency and Economics of B use 
   4.3.10 Effect of B on Rice Yield  
   4.3.11 Available Boron in Post Harvest Soil 
  4.4 Residual Effect of Sodium  pentaborate and  
   Colemanite for Rice Grown in Flooded Acidic Soil 
   4.4.1 Soil of Experimental Area 
   4.4.2 Residual Effect of B on Plant Height 
   4.4.3 Residual Effect of B on Number of 
Panicles  
   4.4.4 Residual Effect of B on unfilled Spikelets 
Panicle-1 
   4.4.5 Residual Effect of B on Thousand (1000) 
Spikelet Weight 
   4.4.6 Residual Effect of B on Spikelet and 
Straw B Concentration 
   4.4.7 Residual Effect of B on Chlorophyll 
Content and N Concentration in Straw 
   4.4.8 Residual Effect of B on P concentration 
of  Straw 
   4.4.9 Residual Effect of B on Potassium in 
Plant Straw 
   4.4.10 Residual Effect of B on Zinc in Plant 
Straw 
58 
 
 
58 
 
 
71 
71 
75 
77 
 
 
81 
81 
81 
83 
84 
86 
 
87 
89 
 
90 
 
93 
95 
 98 
 
100 
100 
100 
 
101 
 
103 
 
105 
 
106 
 
109 
 
111 
 
112 
 
113 
xv 
 
  
 
   4.4.11 Boron Recovery Efficiency, B Use 
Efficiency and Economics of B Use 
   4.4.12     B Content in Post Harvest Soil 
   4.4.13 Residual Effect of B on Yield of Rice 
  4.5 Evaluation of Sodium pentaborate and Colemanite 
   as Boron Sources for Rice Grown in Flooded  
   Calcareous Soil 
   4.5.1 Soil of Experiment 
   4.5.2 Number of Panicles Plant-1 
   4.5.3 Percentage of unfilled Spikelets  
   4.5.4 Weight of 1000 Spikelets 
   4.5.5  Boron Concentration in Rice Straw and 
Spikelet 
   4.5.6  Boron Recovery Efficiency and B use 
Efficiency  
   4.5.7  Effect of B on Yield of Rice 
 4.6 Effect of B Supply on the Chlorophyll and nutrient 
concentration in Rice 
   4.6.1 Effect of B on Chlorophyll Content 
   4.6.2 Effect of B on Nitrogen in Plant Straw 
   4.6.3 Effect of B on Phosphorus in Plant Straw 
   4.6.4 Effect of B on Potassium in Plant Straw 
   4.6.5 Effect of B on Zinc in Plant Straw 
   4.6.6 Effect of B on Fe in Plant Straw 
   4.6.7 Effect of B on Copper in Plant Straw 
   4.6.8 Effect of B on Manganese in Plant Straw 
   4.6.9 Effect of B on Calcium in Plant Straw 
  4.7 Effect of B on Nutrition Status of Rice  
 
5              SUMMARY AND CONCLUSION 
 
  5.1 Available Boron Status of Paddy Growing Areas in 
                                Malaysia 
  5.2 Solubility and Leaching of Boron 
  5.3 Effectiveness of Sodium pentaborate and  
                                Colemanite as B Sources for Rice 
  5.4 Residual Effect of B Sources Sodium pentaborate  
                                and Colemanite 
  5.5 Sodium pentaborate and Colemanite as Boron  
                                Sources for Rice Grown in Calcareous Soil 
  5.6 Effect of B on macronutrients and micronutrients 
 
              REFERENCES 
  APPENDICES 
  BIODATA OF STUDENT 
  LIST OF PUBLICATIONS 
 
 
114 
116 
117 
 
 
119 
119 
119 
121 
122 
 
124 
 
126 
128 
 
129 
129 
131 
133 
134 
136 
137 
138 
139 
140 
143 
 
146 
 
 
146 
147 
 
148 
 
149 
 
151 
152 
 
154 
169 
185 
186 
xvi 
 
